Aim The objective of this study was to assess beliefs, misconception, and anxiety in relation to swine flu outbreak and whether perception of the outbreak predicted changes in behavior. Subject and methods In November 2009, we conducted an Internet-based cross-sectional survey of college students aged 18-24 years in a Midwestern State in the USA. We collected information on swine flu knowledge, perception on immunization safety, perceived efficacy of recommended behavior, changed behavior, and anxiety. Results Of the 236 respondents, 83.1% had some anxiety about swine flu, 64.8% believed avoiding crowded places was preventive, 33.5% believed the 2009 swine flu vaccine was safe, and 36.9% showed interest in receiving the vaccine. Misconceptions about swine flu contagion via eating cooked pork, water sources, and insect bites were common. Respondents were unaware of transmissions via contaminated objects and droplets. Only 42.6% were satisfied with governmental efforts. Women were more likely to wash hands frequently than men (odds ratio 2.80, p<0.001). Conclusion There is a gap in swine flu knowledge, minimal risk reduction, increased amount of anxiety, and skepticism about swine flu vaccine safety. These gaps warrant serious attention to inform the public about specific actions regarding swine flu.
Introduction
As of May 2010, 214 countries worldwide have reported laboratory-confirmed cases of pandemic influenza H1N1 including 18,036 deaths. According to WHO, the case count was likely to be significantly lower than the actual number of cases that have occurred as many countries stopped counting individual cases, particularly of milder illness (WHO 2010) .
In October 2009, nearly all states reported geographically widespread influenza activity. Nationwide, the percentage of visits to health care providers for influenza-like illness (ILI) was higher than that observed at the peak of any seasonal influenza season since ILINet (Influenza-like Illness Surveillance Network) was implemented in its current form in 1997 (CDC 2010) . By April 2010 the US Centers for Disease Control and Prevention (CDC) estimated 12,470 deaths (CDC 2009a, b, c, d, e, f, g ).
Since April 2009, pandemic H1N1 became the dominant circulating influenza strain (CDC 2009a, b, c, d, e, f, g ). According to CDC of the 48,483 (99.8%) specimens positive for influenza A, 32,867 (68%) were subtyped by real-time reverse transcription polymerase chain reaction (rRT-PCR). The result was 99.8% for 2009 pandemic influenza A (H1N1) viruses, 18 (0.1%) were seasonal influenza A (H1), and 35 (0.1%) were influenza A (H3) viruses (CDC 2009a, b, c, d, e, f, g ). Due to the prevalence of H1N1 type strain, the CDC stopped widespread testing for the H1N1 influenza virus (CDC 2009a, b, c, d, e, f, g ). On 24 October 2009, the US government declared the swine flu outbreak a national emergency, thereby allowing hospital and local governments to speedily set up alternate sites for treatment and triage procedures if needed to handle any surge of patients (Calmes and McNeil 2009) .
The information analyzed by the CDC supports the conclusion that novel H1N1 flu has caused greater disease burden on people younger than 25 years of age than older people (CDC 2009a, b, c, d, e, f, g) . One study done earlier in 2009 among US military beneficiaries about the epidemiologic characteristics of novel H1N1 clearly showed that the strain appeared to preferentially affect adolescent and young adults between 15 and 24 years of age (Crum-Cianflone et al. 2009 ). At the inception of the epidemic, there were no vaccines available. Later, there were vaccines available free of charge for H1N1 influenza, and the CDC recommended the vaccine as the best preventive measure against H1N1 (CDC 2009a, b, c, d, e, f, g ). Transmissibility of the H1N1 virus has been shown to be substantially higher than that of seasonal flu (Fraser et al. 2009 ). Thus, it has become imperative to educate the public about measures of prevention of transmission of the H1N1 virus in order to mitigate its impact on the population.
Encouraging the public to undertake specific behaviors related to hygiene has proved useful in containing previous outbreaks of infectious diseases (Fung and Cairncross 2006) . Motivating the public to adopt such behaviors as well as sustaining them can become daunting challenges. Studies of how people responded to the outbreak of severe acute respiratory syndrome (SARS) in 2002 suggest that perceptions or beliefs about an outbreak may be important in determining compliance with official advice. Different authors have cited the Health Belief Model (Lau et al. 2003; Tang and Wong 2003; Janz and Becker 1984; Rosenstock et al. 1988; Tang and Wong 2004; Lau et al. 2007 ) and the public's response during the outbreak of SARS (Lau et al. 2003; Tang and Wong 2003; Tang and Wong 2004; Lau et al. 2007 ) to suggest that people may be more likely to comply with health-related recommendations if they believe the following: the effects of the disease are severe; the recommended behaviors are effective (Tang and Wong 2004; Lau et al. 2007; Janz and Becker 1984) ; they are susceptible (Janz and Becker 1984; Rosenstock et al. 1988; Tang and Wong 2004) ; the illness is difficult to treat (Lau et al. 2007 ); the government is providing clear and sufficient information about the outbreak and can be trusted to control the spread of infection (Tang and Wong 2003) ; and there are few barriers to action (Janz and Becker 1984; Rosenstock et al. 1988) . In addition, a higher level of anxiety or worry may be associated with an increase in behavior changes (Leung et al. 2005) . Thus, understanding the role of specific perceptions in motivating people to engage in precautionary behavior may help health communicators improve their messages about outbreaks of new infectious disease generally and H1N1 specifically (Rubin et al. 2009 ).
The four main objectives of this study were to determine (1) knowledge, beliefs, and misconception about the 2009 swine flu, (2) perception about the efficacy of swine flu immunization and governmental actions to contain the H1N1 epidemic, (3) perceived efficacy of preventive behavior, and (4) prevalence of anxiety in relation to swine flu (H1N1) among a sample of college students aged 18-24 years. This age group has been shown to be more at risk of getting swine flu than the older population and was in priority consideration in the initial stages of vaccination due to shortages.
Subjects and methods
This was a cross-sectional study conducted from 1 through 10 November 2009 of a convenient sample of university students aged 18-24 in a Midwestern State in the USA. The study participants were recruited through direct solicitation via the Internet at the university.
The survey instrument comprised 25 questions categorized into four sections. We developed some questions by modifying questions used in previous studies about swine flu (Rubin et al. 2009; Lau et al. 2009; Goodwin et al. 2009 ). The questionnaire elicited demographic information, and other questions encompassed knowledge about swine flu (transmissibility and prevention), governmental actions to contain the epidemic, the efficacy and safety of swine flu vaccine, personal risk reduction, and anxiety about contagion. The questionnaire required approximately 10 min to complete.
Respondents were informed of the minimal risk associated with the study, assured of confidentiality, and informed that they could withdraw from the study at any time and were at liberty to not answer any question they did not want to. All respondents were advised that completing the survey implied informed consent to use the data for research purposes. The study was approved by the Institutional Review Board (IRB) of Ohio University.
Data analysis
The data were analyzed using SPSS version 16 (SPSS Inc., Chicago, IL, USA). Descriptive statistics (frequencies, means, and standard deviations) were used to describe demographic characteristics, knowledge of swine flu, risk reduction, and prevention.
Items on knowledge were scaled on a "yes-no-don't know" format options. The "don't know" as an option was included to reduce the probability of guessing, as guessing causes some variation in performance from item to item, which tends to lower the test reliability (Nunnally 1967) .
Items subscale assessing perceived self-efficacy or preventive behavior (washing hands, cleaning or disinfecting contaminated inanimate objects) utilized a 5-point Likert format ranging from 1 (strongly disagree/very unlikely) to 5 (strongly agree/most likely) with the midpoints representing ambivalent responses.
Personal risk reduction was determined with questions relating to hand washing. The anxiety indicator was measured through closed format questions assessing personal worries about catching the virus (on a 4-point scale from 4 = "very concerned" to 1 = "not at all concerned").
Bivariate data were analyzed by contingency table analysis except for t tests as appropriate for continuous data (for example, anxiety scale). The chi-square test was used to assess the bivariate relationship between differences in proportions and for other categorical variables. Crosstabulations were run on demographic variables and risk reduction to determine associations between race and risk reduction. All statistical tests were two-tailed and alpha= 0.05 or less was considered statistically significant.
Results
There were 236 students who completed the survey. The mean age of respondents was 19.04 years (SD±1.33), almost 69.1% being female and 91.9% white.
Knowledge, beliefs, and misconceptions
Respondents overwhelmingly agreed that washing hands with soap and water (95.1%) and cleaning or disinfecting things one might touch could reduce the possible transmission of the swine flu virus (87.8%). Table 1 shows the respondents' knowledge, beliefs, and misconceptions about swine flu.
Of all respondents, 78.5% were sure that swine flu could not be transmitted by eating cooked pork, 8.6% wrongly believed that swine flu could be so, and 12.4% respondents had no idea. Furthermore, 17.8% of respondents wrongly believed that swine flu could be spread by insect bites, and 24.7% of respondents incorrectly believed that swine flu could be transmitted via water sources. Thus, the analysis shows that 36.6% of respondents had at least one misconception or unconfirmed belief and 11.0% had two or more misperceptions about swine flu contagion.
With regard to confirmed methods of transmission, 13.1% were unaware that the virus could be transmitted by touching contaminated objects with an additional 6.8% of respondents indicating they were not sure. Similarly, 28.5% did not know about transmissions via droplets with 30.6% of respondents not being sure whether or not swine flu could be transmitted via droplets. Thus, if we consider those who indicated they were "not sure" to be those who did not know, the data showed that almost one of five respondents (19.9%) were unaware that swine flu could be transmitted via touching contaminated subjects and three of five (59.1%) were unaware of contagion through droplets.
As regards getting the flu and being in crowded places, 64.8% of respondents believed that avoiding crowded places was a good way of not getting the flu, 26.7% thought otherwise, and 8.5% indicated they were not sure. Face masks as preventive measures elicited a response where 56.8% believed in their efficacy while 42.8% did not believe a face mask would protect them.
When asked about regular exercise and its impact on severity of flu symptoms, 56.2% believed in its reduction of severity, 24.7% believed regular exercise did not make any difference, and 19.1% had no opinion.
Almost two of three respondents (65.3%) indicated that those aged less than 25 years were most susceptible to swine flu, 17.4% stated those between 25 and 65 years, and 17.4% indicated greater than 65 years.
The dearth of knowledge of swine flu was also noticed when respondents were asked to compare the severity Where totals do not add up to N, they indicate missing data between the seasonal flu and the swine flu (H1N1): 59.6% of respondents believed that swine flu was more severe than seasonal flu, 35.7% believed there was no difference, and 4.7% of respondents believed that swine flu was less severe than seasonal flu.
Governmental actions to contain the H1N1 epidemic A little greater than two of five respondents (42.6%) were satisfied with the efforts of the government to control swine flu, 23.4% believed that the governmental efforts were not sufficient, and the remaining 34.0% were not sure about it. Furthermore, 93.2% of respondents did not agree and 6.8%
were not sure about whether mass killing of pigs would be an effective approach to contain the swine flu pandemic.
Perception about and the efficacy of swine flu immunization
One of three respondents (33.5%) believed that the H1N1 vaccine was safe, 27.5% thought that it was not safe, and 39% indicated they had no knowledge about it (Fig. 1a) . When asked about whether they were going to receive the vaccine in the future, only 36.9% responded in the affirmative and 63.1% responded negatively (Fig. 1b) . Even though the swine flu vaccine was offered without cost on the college campus, our study showed that not many students had the vaccine. Only 12.3% of respondents had received the swine flu vaccine when the survey was conducted and 87.7% of respondents had not received it. There was an association between the perceived safety of the vaccine and receiving the vaccine in the future. The respondents who felt that the 2009 swine flu vaccine was safe were more likely to receive it in the future compared to those who did not (52.9 vs 6.9%, χ 2 =36.872, p<0.001).
Behavior outcomes and personal risk reduction
This was assessed by asking respondents whether they washed their hands more frequently than usual because of swine flu: 70.3% of respondents agreed and 29.7% disagreed. Table 2 shows associations between demographic factors and the preventive behavior of hand washing. Statistically significant differences were observed between gender and ethnicity with regard to frequent hand washing. Compared to men, women were more likely to frequently wash their hands (77.3 vs 54.8%, p<0.001), and whites were more likely to engage in preventive behavior than other races (72.4 vs 47.4%, p<0.05). In Table 2 , binary logistic regression shows significant univariate association between perceived efficacy of washing hands regularly and actually washing hands more regularly [odds ratio (OR)= 2.273, 95% confidence interval (CI) 1.44-3.59, p<0.001].
Anxiety and perceived efficacy of behavior
Almost half of all respondents (44.7%) have contacted family members to discuss the threat of the pandemic. However, almost seven of ten respondents indicated that the threat of swine flu infection had no impact on concentration regarding their studies or normal activities. Anxiety among students with regard to swine flu was determined by asking respondents how concerned they were about being infected by the swine flu. When the responses were categorized into a scale of 4 (1 being not at all and 4 for being very concerned), the mean anxiety of all respondents was 2.29. Greater than four of five respondents (83.1%) had some kind of anxiety, with 5.1% feeling severe anxiety. Respondents who had carried out preventive behavior against swine flu like washing hands frequently had a significantly higher level of anxiety than participants who had not (t=3.28, p=0.001, 95% CI 0.15-0.59). 
Discussion
The strengths in this study are manifested in the fact that this survey represents a cross-sectional study of the young, aged 18-24 years. The burden of swine flu has disproportionately affected the young and they are most susceptible to the H1N1 flu virus (Crum-Cianflone et al. 2009 ). Thus, it is imperative to gauge their knowledge about transmissibility and prevention as well as attitude toward swine flu vaccine. Many studies have been conducted on swine flu, but they focused on all age groups. This study can be used to determine what is going on in the minds of younger adults who are afraid of the current pandemic of H1N1 flu, and the results from this study can be used to direct specific public health interventions or messages to the younger population. According to CDC (2009a, b, c, d , e, f, g), misconceptions about swine flu contagion include for example insect bites, water sources, and eating cooked pork and bacon. Our study found these misconceptions which may probably have been associated with increased anxiety among this population. Furthermore, the lack of knowledge among some respondents that swine flu could be transmitted by touching contaminated object or droplets while coughing signifies to some extent that this population may not be getting the public health messages necessary to prevent transmission. Thus, we observed a very low level of knowledge even though the sample was fairly educated (all college students) and at an age that has been disproportionately affected by swine flu. This underlies the importance of government and public health authorities in providing consistent, clear updates and information about the disease and the need to assess whether messages are being understood by the target population.
The CDC recommends avoiding crowded places and wearing a face mask in crowded places to protect one's mouth and nose from other people's coughs (CDC 2007) . However, 64.8% of respondents believed in avoiding crowded places and 56.8% believed a face mask would protect them. Evidence of the effectiveness of wearing a face mask is mixed (Cowling et al. 2008 ); while we can say these measures would not completely protect an individual, they would help to some extent.
Immunization for swine flu on campus started 1 month preceding the survey and the study population was one of the priority groups for vaccination in its initial phase. In spite of this, only 12.3% respondents reported having received the vaccination. The notably low percentage (33.5%) that believed that the 2009 swine flu vaccine was safe showed that there were concerns in this population about safety which was not addressed by the government. We recommend that further study should be done to explore why there was dissatisfaction about the H1N1 vaccine so that appropriate steps could be taken to address these concerns.
Most of the respondents were aware of which age group was more susceptible to swine flu, as 65.3% of participants correctly responded to less than 25 years. In spite of that, this did not translate into behavioral change by opting to have vaccines against H1N1. Also, in our study only 36.9% of respondents showed readiness to receive the swine flu vaccine in the future. This percentage is considerably lower than the percentage found in 1977 after the mass immunization for H1N1 in 1976 showed that 58.8% of respondents were ready for future immunization (Pearman 1978) . Even though the 1977 study was done in the general population, the results obtained were still higher than in our study in spite of the fact that our study was with those who were more at risk for H1N1 infection. Thus, we can say that public confidence about vaccines is probably much lower at present. This study also shows that respondents who did not believe in the safety of vaccine were more likely to not receive it. That signifies that addressing the safety issue of vaccine should be of paramount importance in the event of a future outbreak.
An encouraging finding regarding preventive behavior was that 70.3% of the respondents were washing their hands more frequently than before. Another interesting finding was that women were more likely to adopt preventive behavior than men. Similar findings have been reported in one of the swine flu studies done in Europe (Rubin et al. 2009 ). Ethnicity was also associated with the adoption of preventive behavior. White people were more likely to adopt preventive behavior than other ethnicities. Because of the lower number of other ethnic participants, it is likely this finding may be biased. About 83.1% of people were little to very concerned about getting swine flu; this indicates high anxiety levels among young adults. This study also found that people who were more concerned were more likely to adopt preventive behavior, which implies that some form of anxiety is good. Perceived efficacy of preventive behavior was also a predictor of preventive behavior. That means people who believed that hand washing was effective in preventing swine flu were more likely to adopt the preventive behavior of hand washing. This finding implies that public health authorities should deliver messages of preventive behavior in such a way that makes their audience 100% confident about the effectiveness of that particular behavior. In this way, there would be a high chance of them adopting that preventive behavior.
A previous study has shown that the swine flu and seasonal flu have some different epidemiologic characteristics but that the severity of the diseases is similar (Fraser et al. 2009 ). In our study 59.6% of participants believed that swine flu was more severe than seasonal flu, with 35.7% believing that there was no difference in severity and 4.7% believing that swine flu was less severe than seasonal flu. This finding may exist probably because of the overexaggeration of severity by media coverage in the early days of the pandemic.
Study limitations
Potential limitations of this study include self-reports and the fact that participants were nonrandom, volunteers (selfselection), and probably might have interest in the subject matter. Furthermore, this is a cross-sectional study; hence, it has shortcomings associated with such studies. For example, the results about knowledge on swine flu might have been different if the study were conducted 2 months earlier or 2 or 6 months later. This knowledge may evolve with changes to exposure to swine flu-related information and other new situations. Thus, results obtained relating to swine flu knowledge and risk reduction may change if measured at another point in time.
Furthermore, our study assessed selected preventive behaviors which were frequent hand washing with soap and avoiding touching contaminated objects. We did not cover the CDC's recommended measures such as: "cover your nose and mouth with tissue when you cough or sneeze and throw away the tissue in the trash after you use it; avoid touching your eyes, nose and mouth; and try to avoid contact with sick people" (CDC 2009a, b, c, d, e, f, g) .
Also, the use of volunteers may not necessarily make the study representative of students in the university or the country. Other students of similar age group in other universities in the state or the country may differ. In spite of the above limitations, the population that was analyzed constitutes a critical group to be studied so that information derived can be used for future swine flu interventions to contain hysteria, encourage vaccination, or foster prevention in order to decrease infection in the population as well as mitigate severity in the event of infection. Furthermore, participants were representative of a broad geographic area, because they were all students from different places. Finally, there are very few studies with similar design and our study provides insight into a more vulnerable group in the swine flu pandemic.
Conclusion
We conducted this study in a population vulnerable to swine flu. There is a gap in swine flu knowledge, existence of minimal risk reduction, an increased amount of anxiety among young adults, as well as skepticism about swine flu vaccine safety. These sufficient gaps warrant serious attention. The results indicate that more remains to be done because knowledge was not adequate in a population that should be more aware. Our study shows that at the height of news reports about swine flu and accompanying hysteria, some messages about vaccine safety and prevention techniques may have been lost. It is possible to deploy other methods of news dissemination such as through schools, churches, and faithbased organizations not only on swine flu awareness but also prevention methods while stressing the efficacy and safety of the swine flu vaccine. The knowledge gained from this study can be utilized by public health officials in the event of future outbreak of any infectious disease.
